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SUMMARY 
.1. Efficient and economical production practice demands an 
abundance of correctly balanced high quality feed and sanitary 
methods. 
2. When other influences are equal, the increase in income is 
directly proportional to the increase in production per hen. 
3. A chemical analysis of the egg and feed is a valuable guide 
to knowledge of the hen's requirements but additional infonna-
tion is necessary to provide the proper feed. 
4. Five important feed requirements are (1) water (2) car-
bohydrates or fat for energy (3) protein for muscle repair 
( 4) minerals for egg shell and bone repair (5) vitamins. 
5. · To provide the above requirements eoonomically is the 
problem of the feeder. 
6. Skill in feeding is very essential. 
7. A part of the ration mtmt be ground feed or mash to pro-
vide· a medium for the protein concentrate necessary to balance 
the total ration. 
8. A mash rich in protein permits the use of a_ large propor-
tion of whole grain. 
9. Sanitation in feeding practice is important. 
10. Provide plenty of hopper feeding space and other equip-
ment to prevent crowding. 
11. Study the physical condition of the flock. 
Feeding Hens for Egg Production 
BY E. W. HENDERSON AND 0. W. KNOX 
Poultry is one of the leading sources of farm income in this 
state, ranking fifth among f!lrm products. The total annual in-
come to Iowa farmers from poultry products is estimated by 
the State Department of Agriculture to be over $84,000,000. 
To secure greater production per hen is a practical way to in-
crease profits. The influence of production upon total income is. 
shown clearly in table I. 
FACTORS INFLUENCING PRODUCTION 
At least four important factors arc involved in the problem 
of securing the greatest egg yield from hens. They are breeding, 
housing, sanitation and feeding. G09d feeding practice will in-
crease production and make profits possible where losses now 
occur. Egg laying contest records have repeatedly demonstrated 
that a production of over 300 eggs per hen is possible, and farm 
flock averages of 150 eggs per bird are entirely practicable. 
A feeding practice that makes the above records possible must 
include the following principles: 
( 1) Feed in abundance 
(2) Feed correctly proportioned (balanced) 
(3) Feed of high quality in sanitary equipment 
The service expected from the hen is the conversion of raw 
materials into a most complete and nutritious human food, the 
egg. While the hen conceals some of the details of the proeesses 
of egg formation from observation, at lea.<1t two stages of the 
process are not entirely secret. A chemical analysis of an egg 
reveals certain basic elements. These same basic elements are 
also found in the natural feed of a hen therefore it may be con-
cluded that the process of egg formation is in part a change in 
the form of these substances, The hen simply takes certain 
chemical elements which she finds in one form in nature and re-
arranges or recombines them into other form'I more suited to her 
purpose. . A hen therefore is a natural chemist and she is her 
own laboratory. Like any other chemist she cannot put chemical 
~lemerits into her product that are not available in the raw ma~ 
terials. A chemical analysis should be of a.'lSi"ttanee in determin-
ing the material" necessary for egg manufacture. 
TABLE I. RELATION OF F.GO PRODUCTION TO TOTAL INCOME* 
u.m l'locb-All Breeds) 
Source or lneo-
Aftra&e :tdrlr Number of I ea' production llock• F.trp Fowla I lnen!UI! In TotallnCOlll9 IDYento?' per hen 
Under 100 lllO Sl.97 11.,0 s .ot SUll 
101-125 3'7 2.18 1.21 .2% 4.11 
121-UiO 427 3.43 1.lll .so 5.0.f. 
Uil-l7li 283 ll.118 1.20 ... 11.49 
111-200 H 4.U I.IS .40 1.11 
201 A DYff 22 G.02 2.0ll 1.29 9.3' 
•From 111-rl Atrrleultural Extenllon Circular No.- 237. 
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MATERIALS IN EGGS 
A chemical analysis of an egg shows that it contains the fol-
lowing compounds. 
Newly laid einr entire 
Newl1 laid e111r without shell 
White of e1111 
Yolk of en 
Compoe!Uon of E1nra• 
Water 
pereent 
66.9 
74.4 
86.2 
48.6 
Protein 
pereent 
12.83 
12.lG 
12.s 
17.6 
Aah 
percent 
10.68 
.97 
.20 
1.66 
Fat 
percent 
10.69 
9.74 
.60 
32.28 
It is obvious that all these materials must be furnished the hen 
in the feed if she is to manufacture eggs. 
OTHER REQUIREMENTS 
While the materials listed ab°'·e show what must be supplied 
for the manufacture of eggs, additional materials must be sup-
plied the hen for her own maintenance and life processes. An 
idea of what is needed can be obtained from a chemical analysis 
of the body of the hen. This is shown by the following table. 
ComPG9ltlon of Fowl• 
Water I Protein A1b Fat 
percent percent pereent pereent 
Hen. entire fowl I 66.8 I 21.6 J.8 17.0 
While all the materials listed above as part of the hen's body 
are not destroyed entirely during the life of the hen, still they 
are continually being used and must be replaced. Further evi-
dence of "this fact is indicated by the amount of feed a hen eats 
while she is not laying. It is only when feed is supplied in excess 
of the maintenance requirements and when the chemical elements 
are fed in the right proportions that egg production is possible. 
It is not economical nor practical to feed pure chemical com-
pounds to hens, therefore grain and other feeds must be depended 
upon to supply the essential elements. In the wild state the hen 
subsisted principally upon grains, insects and grass during the 
major portion of the year. On.ly enough eggs were laid to pro-
•Llpplncott. W. A. PoullrJ Production, 1927. 
11llk Meat produeta No protein 
The aaperlor nlut of milk iiroducta u protein aupplementl la 1bown 1JRpblcallJ' abcrn. 
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duce a brood or two of chicks. It is si°gnificant that egg produc-
tion normally took place in the spring seasons when the hen could 
manage to obtain animal feed or protein in the form of worms 
and bugs, which balanced her grain and grass diet temporarily 
and made a. few eggs possible. If the natural grain diet is sup-
plemented with animal protein in the right proportions a hen 
may be encouraged to lay thru the entire year. The ability to 
keep hens in continuous production is the key to success in poul-
try farming. 
BALANCING THE RATION 
A chemical analysis of a typical grain such as com explains 
why it alone cannot support egg production. 
Compooilt.lon of Com• 
I Water I Alh I Crude• C&rboh~-1 Fat pereent pereent :e~~ ~t t = pen1e11t 
Cnrn. dent No. 2 I tu I t.4 I ti.I I 1.1 I 11.s I 4.8 
It will be noted that com contains a. low percentage of protein 
and a high percentage of carbohydrate. The latter ingredient 
is an insignificant part of the composition of an egg and can only 
be used by the hen for. energy or fat formation. To furnish the 
necessary materials for egg production, com and similar grains 
must be supplemented with animal feed rich in protein. 
REQUIREMENTS OF THE HEN 
The feed requirements of the hen may be grouped in five gen-
eral classes. (1) water (2) carbohydrate or fat (3) protein to 
repair waste tissue ( 4) mineral for bone and egg shell formation 
( 5) vitamins to prevent certain diseases and promote certain 
processes of metabolism. 
Water is so easily and cheaply supplied that its imporfance is 
frequently overlooked. It is an important constituent of the body 
of the bird and is indispensable for vital processes. An ample 
supply should be kept clean and fresh before the bird.I at all 
times. It should be warmed slightly in winter and be as cool 
as possible in summer. 
ENERGY AND FATTENING PEBDS 
The sources of energy feeds for poultry are wide and varied. 
As a general rule carbohydrates, such as the stal'C!h in graim, are 
the most economical sources; fat is a rich but usually an im-
practical source. 
MINERALS 
The need for the addition of minerals to the ration of a hen 
depends entirely upon the amount and kind of minerals that are 
already in the ration as normal constituents. All natural feeds, 
such as corn~ wheat, etc., contain mineral elements. Protein con-
centrates, such as meat scraps and tankage, are rich in minerals. 
As a general rule if the hen is fed a normal ration properly bal-
•Ba17, W. A. and F. B. Jrorrl-, Feed• A FMdlns. 
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anced from a protein and energy standpoint the only additional 
mineral which is usually needed is calcium carbonate for egg 
shell formation. This particular need may be satisfied by keep-
ing the hen constantly supplied with oyster shell, 95 to 99 per-
cent calcium carbonate, limestone, clean mussel shells, or any 
other source of calcium carbonate which is palatable to the hens 
and does not contain injurious impurities. If the protein con-
centrate in the ration is from a. vegetable source, such 88 soy-
bean meal, calcium phosphate must be added to the ration. A 
practical source of this mineral is steamed bone meal. 
VITAMINS 
Vitamins are as yet chemically unidentified substances, but 
they are known by the nutritional disorders and diseases which 
they prevent. Certain natural foods are known to contain dif-
ferent vitamins, and others are found lacking. For convenience 
the common vitamins are designated by the letters A, B, C, D 
and E. Each has a specific duty to perform. Vitamin supply 
is a winter or confincmmt problem. In summer when hens have 
free range on green feed and access to direct sunlight they do 
not need vitamin concentrates in addition to their regular ration. 
Careful attention to the vitamin supply should be given as soon 
as hens are confined in the fall and until they are again given 
free range in spring. Very few feeds contain all the necessary 
vitamins. When selecting a vitamin concentrate it is necessary 
to know which vitamins it contains and the relative quantities .. 
Hens lacking vitamin A will not lay and will develop a type 
of disease known as nutritional roup. Some of the richest sources 
of this vitamin are egg yolks, butterfat, alfalfa leaf meal, yellow 
corn and green feeds. . _ 
Vitamin B is essential for growth and for the prevention of a. 
nervous disorder in chickens known as polyncuritis. Fortunately 
most of the common grains and cereal by-products are rich in 
this vitamin so that it is seldom necessary to add it to the usual 
poultry ration. 
Vitamin C has not been shown to be necessary for poultry. 
Vitamin D is known as the sunlight vitamin. In winter when 
the sun's rays are weak and when the hens are confined behind 
ordinary window glass, it is usually necessary to supply this 
vitamin artificially. Vitamin D is necessary for the utilization 
of calcium in life processes, particularly is the deposition of shell 
on the egg dependent upon it. 
Since the ultra violet mys of the sun are essential for egg 
formation, it is dc..c;irable to admit as much direct sunlight into 
the hen house a.c; possible. Ordinary window glass is known to 
filter out a large portion of the ultra. violet light and there· 
fore windows should be opened at every opportunity during 
winter when the weather will permit. Cod-liver oil or sardine 
oil may also be used in the mash at the rate of 1 percent of the 
dry mash. Electric lamps of a special type, designed and guar-
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anteed to transmit ultra violet rays, may be used. It is also a 
good plan to equip at least one-half the windows of the house 
with a special glass known to transmit a high percentage of ultra 
violet rays of the sun. 
The need for adding vitamin E to the ordinary poultry ration 
is doubtful. It is .found in abundance in the germ of wheat, and 
it is also doubtless contained in many other grains and mill 
product,&. 
BALANCING THE RATION 
A chemical analysis of the egg and body of the fowl demon-
startes what substances are needed, and in order to determine an 
economical source of these elements the chemical composition of 
various feeds must be examined. Even with these facts in mind 
it might not be possible to obtain good results if a knowledge of 
feeding trials had not demonstrated which products were the 
most efficient and the proportions of the ingredients which gave 
the best results. 
In balancing a ration it is necessary to know the proportion 
of protein (or. muscle building material) to energy material. 
Both carbohydrates and fats furnish energy but fats supply 21A 
times more energy than carbohydrates. A hundred weight of 
feed which contain 51 lbs. of digestible carbohydrate and 4 lbs. 
of digestible fat. will have the same energy value as 60 pounds 
of digestible carbohydrate. If this feed also contains 12 lbs. of 
digestible protein the proportion of protein to energy substance 
would be as 1 :5. Such a proportion is called a nutritive ratio. 
It is convenient in calculating the balanee of a mixture of feeds 
to reduce the protein and energy substanee to the smallest pro-
portions. For egg production the nutritive ratio of the total 
ration of the hen should be about 1 to 4.5. 
FIBER 
Feeds are commonly analy7.Cd for dry matter, protein, a.'lh {or 
mineral), total carbohydrate and the coarser portion of the car-
bohydrate known as fiber. Only a very small percentage of the 
fiber in feeds has any feeding value for chickens, therefore the 
crude fiber in the ration should be as low as possible. Experi-
ence has shown that the fiber should not exceed 5 percent. 
METHOD OF FEEDING 
Since a ration consisting entirely of whole grains is not suffi-
ciently high in protein to be properly balanced, a concentrated 
form of protein must be included. The common protein con-
centrates are the packing house by-products, such as meat scraps 
nnd tankage. Experience has shown that it is not practical to 
feed such concentrates alone to hl'ns for it would be difficult to 
balance the ration for all hens because a few might eat too 
much meat scraps and others might not eat enough. To obtain 
more uniform consumption it is desirable· to mix such concen-
8 
In the fol"l!irround la a desirable tnie of !!land for water, milk or other liquid teed. 
In the beckSTOUnd 11 a good type of feed hopper. Blrda cannot aeratch litter Into 
equipment built aboTe the ftoor aa lhese are. 
t.rates with g1'9und grains or mill by-products. Stich a mixture 
is kno\vn a.c; a mash. It should be kept in hoppers before the hens 
at all times. This practice facilitates balancing the total ration. 
Hens normally prefer grain to mash, and by limiting the grain 
consumption they nre encouraged to eat more mash. When the 
mash containi; at least 20 percent of a 55 to 60 percent protein 
concentrate the hens may be allowed to eat all the grain they 
want at night. The morning grain feed in winter should be 
limited to not over one-fourth the night feeding. In summer no 
grain should be fed in the morning especially if the hens are 
allowed free range. 
SKILL IN FEEDING IS ESSENTIAL 
Even tho considerable knowledge of feed requirements and 
nutrition principles is available, it is well to keep in mind that 
skill in applying the principles is very important. Feeding is an 
art that can be acquired by careful application of basic prin-
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ciples. Regularity in attending to the details of feeding should 
be practiced. Hens are creatures of habit like other animals. 
It is a good plan to confine all the feeding to the hen house. 
This will reduce the tendency to roost elsewhere. . 
Where electricity is available at a reasonable cost, lights may 
be used in the hen house in winter to lengthen the "'feeding day" 
for the hens. The result of lengthening the feeding day to 12 
or 14 hours in winter is that more feed is consumed, and greater 
egg production is obtained during a period of high egg prices. 
"GREEN" FEED 
It has long been known. that succulent feed has a beneficial 
effect on laying hens. The benefits of such feeds have in the 
past been vaguely attributed to their "greenness". :Many feel 
that the principal benefit derived from such feeds is in the 
vitamins they supply. When the ration contains all necessary 
vitamins and is of the proper consistency, additional succulence 
in the form of "green feed" is of insufficient benefit to warrant 
much expense to supply .it when green pasture is not available. 
Stock carrots and cabbage are popular succulent feeds in winter 
and they are greatly relished by hens. Carrots are probably the 
richer of the .two feeds in vitamins. Another appetizing and 
laxative feed is germinated oats. They may be germinated by 
the following process: soak overnight in water; transfer to a 
tub with holes in the bottom; keep moist and stir occasionally 
until the sprouts are about an inch in length. The room in which 
the oats are sprouting should be kept warm. A few experiment 
stations have reported that the benefits from germinated oata did 
not pay for the cost of preparation. 
STIMULATING THE APPETITE 
When the hens are not eating at least half as much mash a.'I 
grain, they may be encouraged to eat more mash if an amount 
such as they will eat in 20 to 30 minutes is moistened and fed 
in a shallow trough at about 1 o'clock in the afternoon daily. 
Liquid skimmilk is more palatable when sour. It gives very 
profitable returns when fed to hens for egg production. It is 
very palatable and evidently it is. highly digestible. 
MASH CONSTITUENTS 
The most important constituent of the mash is the protein 
concentrate. 
A number of forms of protein concentrate are available, but 
they are not all equal in efficiency for egg production of hens. 
The selection of a protein concentrate to mix in the mash will 
depend on its known efficiency and the price per pound of pro-
tein. Skinunilk and buttermilk, either liquid or dried, are known 
to be the most efficient forms of animal protein for egg produc-
tion. Other animal proteins which rank high in efficiency are 
meat scraps, tankage and fish meal. Vegetable proteins, such as 
10 
In order to produce egp, a hen must be Ced a ration whlth wilt enable her to do eo. 
Thi• hen produced more than 300 ~ In a year. 
soybean oilmenl and gluten meal, possess a very low efficiency 
unless supplemented with calcium phosphate. This deficiency 
may be supplied by including 4 pounds of bone meal_ in every 
100 pounds of mash mixture. The other constitutents of the 
mash may be high in carbohydrate with a fiber content which 
will not cause the total amount of the fiber in the mixture to 
exceed 5 percent. . 
Corn meal, flour wheat middlings, red dog flour, grey shorts, 
bran, alfalfa leaf meal, oat flour and ground oat groats are popu-
lar mash constituents. Ground whole grains, such as corn, wheat, 
barley and oats, may also be used. 
SCRATCH FEEDS 
It is an economical plan to use as much farm home grown· 
grain as possible in connection with the mash, but a grain feed 
alone will not give profitable' production. 
The choice of grains for the scratch feed ·will depend upon 
local supplies and prices. In this -state yellow corn should 
usually constitute at least one-half of the scratch mixture. Heavy 
oats should likewise make up one-fourth to one-third of the grain 
mixture. Wheat may be used for as much as one-half of the 
grain mixture. · 
Fibrous grains, such as oats and· barley,· should not exceed 
one-third of the total scratch mixture. · The grain may be. fed 
.in about one foot of clean straw litter or in troughs as preferred. 
The latter is the more sanitary method, and gives satisfactory 
results. 
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Clean gravel and a source of calcium (carbonate of lime) 
should be kept before the hens at all times. 
While variety in mash mixtures is desirable it is not necessary 
that the;r co~ of a large nu!'lber of feeds. The following ~h 
and gram nuxtures should give satisfactory results. 
Mash Formula No. 1 
Ground yellow corn.. .. ---100 lbs. 
Ground wheat :.·---·---100 " 
Ground o&tll -···------100 '' 
55% protein meat acraps 
or 60% protein tan1tage_•so " 
Dried elrimmUk or dried but· 
. termilk **20 ,, 
Fine ealt ----··--- ' " 
Mash Formula No. 2' 
Yellow cornmeal ... 100 lbs. 
Bran ·---·-··-··---100" 
Flour middlings ---·-···100 " 
Meat 1Cra.p11 60% protan 
tankege or fish meal .. --•so '' 
Dried akimmilk or butter-
milk ... ~----**20 " 
Fine salt __ , • ' " 
Grain Formula No,· l 
Yellow corn ·- ..550 lhl. 
Hea91 oats ------....250 '' 
Grain Formula No •. 2 
Shelled yellow com ............... 300 Iba. 
Hea91 oats ____ ................ 250 '' 
Whoat ---·-·---.... ..250 '' 
Mash Formula No, 3 Grain Formula No. 3 
Ground yellow com..-100 lbs. Yellow corn -------.400 lbi. 
Ground oat groats or wheat· Barley --------.200 " 
middlings 100 " Hea91 oats --· .!00 " 
Ground barley -·----100 " 
Meat acraps 60'10 prota.u 
tankage or hh meal-•so " 
Dried l!kimmilk or dried but· 
termilk **20 " 
Fine ealt ... 4 " 
Mash Formula No. 4 Grain Formula No. ' 
Ground yellow com 90 lbs. Yellow com ----..300 lbs. 
Ground hea91 oats-•• - 50 '' Wheat ··--·------300 '' 
Ground barley 50 " Hea91 oats ..200 " 
Ground wheat 90 , ' 
Glutea meal --·---- 50 " 
Meat IC?&ps, tanbge or Isla 
1erapa ----·----- 30 " Dried 11kimmilk or driea but-
termilk 20 '' 
Hone meal -------- 16 " 
Salt ' " 
Mash Formula No. 5 Grain Formula No. 5 
Ground 19llow com • 75 Iba. Corn 300 lbs. 
Bran 90 " Reavr oats ..250 " 
Middlings -- 715 '' Wheat ..250 '' 
8o7bean oilmeal ----120 " 
Dried llkimmilk or dried bat-
termillr: ---·--··20 ,, 
Steamed bone meal 18 " 
Salt --- ''' 
•Redaell to 40 n.. If I salloq llft' da,. of Uqaid eldmmllt or baUllnallt .. .nn. 
abllt far euh 100 llenL 
.. Omit. U I ..Uoaa of Uquld 1ldmmllt per 100 IMu per dar llN anl1a111e. 
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Mash Formula No, 6 Grain Formula No, 6: 
Yellow com meaL ..........•.••...... 100 lbs. Com ········-··--·-························350 lbs: 
Bran························-·'···········-· 50 '' Wheat ································---'-150 .11 
Alfalfa. leaf ·~eal... ...... ·-········ 50 '' Oats ···~······················-:.. ........... 150 '!· 
Middlings .... :.~·-····················-· 50 '1 
Ground oat groats.................... 50 '' 
Meat scraps, 60% protein 
tankage or fish meaL .......... •so '' 
Dried skimmilk or dried but- · 
termilk ·······-····················· **20 11 
Salt ···································-····· 4 " 
ALL-MASH METHODS 
The so-called "all-mash" method of feeding is simply the 
practice of feeding all feed in the ground form. It has several 
advantages: (1) it is sanitary, (2) it saves labor in feeding, (3) 
les8 skill is required in balancing .the ration. The disadvantage 
of the "all-mash" method is that the cost of the ration will b.e 
high since grinding is necessary. The decision as to which prac-
tice is the more desirable must be left to the individual feeder. 
Any of the above rations may be converted into "all-mash" 
mixtures by simply grinding the grain and including it with the 
mash in the proportions indicated. Mash and grain formulas 
No. 1 can be converted into an all-mash formula as follows: 
AU-Mash Formula- No. 7 
Ground yellow corn.: ... : .... 650 lbs. 
Ground heavy oats .. :········350 " 
Ground wheat .................. 100 " 
Meat scraps or 60% pro-
tein tankage ..... : .... : ....... •so " 
Dried skimmilk or 
dried buttermilk ........ H20 " 
Fine salt ............................ 4 " 
A source of calcium carbonate (carbonate of lime) and gravel 
should be kept before the birds at all times whether the "grain 
and mash'' or ''all-mash'' method of feeding is followed. In 
either case the mash hopper should always be kept full. The 
hopper feeding space with the "all-mash" method should be 
nearly . twice as great as· that allowed for the grain and mash 
method or about 3 inches per bird. . 
Careful ·attention should be given to the body condition of the 
hens. . If they become excessively fat the grain feeds should be 
reduced and the meat product feeds should be increased. If they 
become excessively thin, the reverse change should be made. 
All changes should be gradual. . . . 
Suggested feeding equipment is illustrated in Extension Ser-
vice bulletin number 147. 
•Reduce to ~o lbe. Ir a pllom per' c1a7 of liquid aldmmllk or bilttennllk are a"lldl-
able for each 100 bells. · 
.. Omit If S pllollll of liquid aldn1mlllc per 100 hem per c1a7 are aftllable. 
